A protein was isolated from bovine thymus that was shown to accelerate the appearance of hemolysin to sheep erythrocytes in neonatal mice. The isolation procedure consisted of saline homogenization, ammonium sulfate precipitation, and methanol precipitation, followed by chromatography on diethylaminoethyl-cellulose and two chromatographies on Sephadex G-150. The protein was shown to be homogeneous by polyacrylamide gel electrophoresis and by sedimentation velocity and sedimentation equilibrium analytical ultracentrifugation. The molecular weight was determined to be 79,950. Additional physical and chemical characteristics were also determined.
The early studies of Metcalf (11, 12) showed that cell-free saline extracts of mouse and human thymus contained material(s) capable of inducing lymphocytosis in neonatal mice. Hand et al. (4) reported a fractionation scheme of bovine thymus whereby a single polypeptide was isolated; microgram quantities increased the lymphocyte-polymorphonuclear leukocyte ratio in intact neonatal mice. The protein was named lymphocyte-stimulating hormone (LSH). Recently, additional reports (5, 6) have appeared further characterizing the immunological properties of LSH preparations in various degrees of homogeneity.
The methanol precipitate fraction of Hand et al. (4) was found to contain a second protein capable of accelerating the appearance of specific hemolysin in neonatal mice. The isolation, purification, and characterization of this single, active protein are described herein.
MATERIALS AND METHODS
Animals. ICR and Swiss-Webster random-bred albino mice were obtained from Charles River Breeding Laboratories and Camm Research Institute, respectively. The pregnant mice were received 4 to 5 days before parturition and were caged individually. They were fed Purina mouse pellets and water ad libitum. Deliveries were recorded every 12 hr.
Thymus glands. Fresh bovine thymus glands were obtained at the local slaughter house from animals 12 to 16 months of age and were trimmed free from fat, blood clots, and connective tissue. The glands thus prepared were cut into small pieces of approximately 2 cm3 in preparation for extraction.
Preparation of methanol precipitate. The method of Hand et al. (4) was used with slight modifications to facilitate large-scale isolations. The chopped thymus was homogenized with 0.90%6, saline in a ratio of 1: 6 (w/v) in a commercial Waring Blendor for 5 min at -20 C. The homogenate was allowed to stand undisturbed for 1 hr at 4 C. All subsequent steps were conducted at 4 C. Surface fat and foam were removed, and the homogenate was centrifuged at 27,500 X g for 20 min. A Sorvall RC2-B refrigerated centrifuge and a GSA rotor were used in this and subsequent steps. The supernatant fluid was collected, brought to 20% ammonium sulfate by the addition of the crystalline salt, and slowly stirred for 1 hr. This mixture was centrifuged at 27,500 X g for 20 min. The pellet was redissolved in an amount of distilled water equal to one-half the volume of saline used to prepare the homogenate. This mixture was slowly stirred for 12 hr and centrifuged at 27,500 X g for 20 min. Three volumes of absolute methanol were added to one volume of supernatant fluid. The mixture was stirred for 15 min and centrifuged for 10 min at 13,200 X g. The pellet was resuspended in an amount of distilled water equal to one-fourth the volume of saline used to prepare the original homogenate and stirred for 12 hr. The resulting suspension was centrifuged at 27,500 X g for 20 min. The supernatant fluid was then dialyzed against distilled water. Usually a small amount of precipitate developed in the dialysis sac, and the contents were again centrifuged at 27,500 X g for 20 min. The supernatant fluid was shell-frozen and lyophilized to dryness. This and other fractions were stored at -20 C over anhydrous calcium chloride. This preparation was the equivalent methanol precipitate of Hand et al. (4) or the partially purified extract later described by Hand et al. (5, 6) .
(pH 8.0), 0.05 M Tris (pH 6.9), and 0.05 M Tris plus 0.40 M NaCl (pH 6.9) buffers at a pressure head of 100 cm. Fractions (15 ml) were collected and pooled after the 280-nm absorbance was determined. The pooled fractions were then dialyzed against distilled water and lyophilized to dryness.
Gel filtration chromatography. Sephadex G-150 (Pharmacia Fine Chemicals) was swollen and equilibrated in 0.002 M Tris buffer, pH 8.0. A column 2.5 by 90 cm was prepared, charged as indicated, and eluted at a constant pressure head of 9 cm in the upward flow mode. Fractions (5.5 ml) were collected and pooled after the 280-nm absorbance was determined. The pooled fractions were then dialyzed against 640 volumes of distilled water for 24 hr and lyophilized to dryness.
Polyacrylamide-gel electrophoresis. (9) . Crystalline bovine serum albumin (BSA) was used as the protein standard. Protein-bound hexose was determined by the orcinol reaction described by Winzler (21) . Aldopentoses and aldohexoses, including amino sugars, were determined by the method of Partridge (14) after acid hydrolysis, neutralization, and evaporation.
Amino acid analysis. An amino acid analysis of the purified thymus protein was done by the cation-exchange chromatography method described by Moore and Stein (13) . The protein was subjected to 6.0 N hydrochloric acid hydrolysis under purified nitrogen for 22 hr at 110 C. The analysis was done on a BioCal BC 200 amino acid analyzer. The presence of tryptophan was determined by the fluorescence method of Teale (19) prior to hydrolysis.
Serology. Intact neonatal mice were injected subcutaneously with test protein solutions or control solutions within 12 hr after birth. Protein concentrations were such that 0.02 ml contained the desired amount of protein. At various times later (4, 7, 10, or 14 days), the mice were intraperitoneally immunized with 0.02 ml of a 10%,C suspension of sheep erythrocytes (SRBC). Seven days after immunization, the mice were bled from the axillary artery or vein. The serum was recovered and stored at 4 C. Endogenous complement was heat-inactivated (60 C for 30 min), and serum hemolysin was determined by use of a Microtiter Dilution System (Cooke Engineering Co.). The concentrations of the reactants were in the ratio described by Kabat and Mayer (7). The end points were read to the dilution of the highest perceptible hemolysis.
Protein destruction. The thymus protein was subjected to digestion by Pronase according to the method of Hagihara et al. (3) and was also heated to 60 C for 30 min. The elution conditions were identical, and the elution pattern is shown in Fig. 4 . The single peak was further fractionated as indicated, and fraction 3 yielded 4.5 mg after extensive dialysis and lyophilization.
RESULTS
Concurrent with the fractionation by column chromatography, 100-,ug quantities of each fraction were analyzed by polyacrylamide gel electrophoresis. Figure 5 presents the purification in terms of this technique.
We propose the designation LSHr to identify this thymic protein; it has an electrophoretic mobility of 0.108 when measured in the methanol precipitate (See A in Fig. 5 ). The LSH designation is derived from the previous LSH described as isolated from the methanol precipitate (4). The LSH previously described had an electrophoretic mobility of 0.490; we propose to designate it as LSHh.
Further studies were performed on LSHr to determine the purity and molecular weight. A 3.8-mg sample was dissolved in 1.0 ml of the phosphate buffer described earlier, and sedimentation velocity was determined. The patterns obtained are depicted in Fig. 6 . The S20 value was calculated to be 3.92. The above sample was diluted to 0.38 mg/ml with the phosphate buffer, and a sedimentation equilibrium experiment was conducted. The whole-cell average molecular weight was calculated to be 79,950 from the slope obtained from the linear relationship between the concentration and the square of the distance from the axis of rotation shown in Fig. 7 .
The single symmetrical peak observed in Fig. 6 , the linear relationship observed in Fig. 7 , and the single band shown with polyacrylamide gel electrophoresis (Fig. 5) INFECT. IMMUNrTy of water present. Tryptophan was detected before hydrolysis by unquenched fluorescence at 343 nm. A standard curve for the development of immunological competence was constructed for the ICR mice. Neonatal mice which were immunized on days 4, 7, and 10 after birth did not produce detectable hemolysin 7 days later. However, when immunization was on day 14, all mice responded when assayed 7 days later. The assay described herein consisted of inoculation of the neonates on day 1 after birth with the experimental material followed by 0.02 ml of a 10% SRBC suspension on day 10 and assay on day 17 after birth. The results presented in Table 2 The physical analyses indicated the protein to be homogeneous. Sedimentation velocity, sedimentation equilibrium, and polyacrylamide gel electrophoresis determinations strongly suggested the presence of only one macromolecular species. Additional information will be obtained by preparing specific antisera to the most highly purified preparation of LSHr.
The chemical analyses thus far have indicated no outstanding characteristic of this protein.
The specificity of this protein in relationship to The relationship of the observed acceleration to the reported inhibition (5, 6) by a group of proteins with similar electrophoretic mobilities from the methanol precipitate is not clear. We propose that the inhibition observed in the Jerne technique may be due to the relatively high doses used. To extrapolate from our data, it may be possible that 3 to 15 Mg (5) is inhibitory. Further experiments are in progress to test this possibility.
That the thymus is required for the development of the normal response to heterologous erythrocytes is well established (8, 18, 20) . However, the role of this preparation cannot be fully elucidated without reconstitution experiments in neonatally thymectomized mice. However, our data indicate that LSHr is acting in some manner to accelerate the development of the normal response. Possible mechanisms may be mobilization of uncommitted presursor cells into compartments of the reticuloendothelial system where they may become reactive to antigen, or the protein may act to accelerate the normal processes whereby potential antibody-producing cells become capable of recognizing and reacting to antigen. No tests have been conducted to determine the activity of this material in cell-mediated immunity.
Of other thymus extracts reported, only the presumably pure extract of Bezzenoff and Comsa (1, 2) has been reported to activate antibody production. Thymus extracts described by other investigators (10) 
